Claims after amendments (see "Attachment" for present amendments) 




32. A method of making a magnetic read head, which includes a spin valve sensor, 
comprising the steps of: 

a making of the spin valve sensor comprising the steps of: 

forming a free layer structure that has a magnetic moment and an easy axis; 
forming a ferromagnetic pinnedUayer structure that has a magnetic moment; 
forming a pinning layer exchange coupled to the pinned layer structure for pinning 
the magnetic moment of the pinned layer structure; 

forming a nonmagnetic conductive spacer layer between the free layer structure and 
the pinned layer structure; 

forming the free layer structure by obli&uely ion beam sputtering at least one cobalt 
or cobalt based layer in the presence of a magnetic field oriented in a direction of said easy 
axis; and 

the oblique ion beam sputtering being at akgles a = 40° and p = 10°-30°, wherein 
angles a and p form first and second planes respectively which are orthogonal with respect 
to one another. 



34. A method of maldpg a magnetic read head, which includes a spin valve sensor, 
comprising the steps of: 

a making of the spin valve sehsor comprising the steps of: 

forming a free layer structure that has a magnetic moment and an easy axis; 
forming a ferromagnetic^ pinned layer structure that has a magnetic moment; 
forming a pinning layer exchange coupled to the pinned layer structure for pinning 
the magnetic moment of the pinned layer structure; 

forming a nonmagnetic conductive spacer layer between the free layer structure and 
the pinned layer structure; 
v forming the free layer structure W obliquely ion beam sputtering at least one cobalt 

\or cobalt based layer in the presence of apagnetic field oriented in a direction of said easy 
axis; 

the pinning layer structure being fofmed by forming a nickel oxide (NiO) layer and 
an alpha iron oxide (a FeO) layer whereimeach of the nickel oxide (NiO) layer and the 
alpha iron oxide (a FeO) layer has been formed by oblique ion beam sputtering at angles 
a and p wherein angles a and p form first\and second planes respectively which are 
orthogonal with respect to one another. 




C:\998141.AM2 



3 



1 36. A method as claimed in claim 32 further comprising the steps of: 

2 forming the free layer structure with a nickel iron based layer that interfaces the cobalt or 

3 cobalt based layer; and 

4 said forming of the cobalt or cobalt based layer so that it interfaces the spacer layer. 

1 37. A method as claimed in claim 36 further comprising the step of: 

2 after said oblique ion beam sputtering in the presence of said field oriented in said 

3 direction of the easy axis, further forming said at least one cobalt or cobalt based layer by 

4 annealing said at least one cobalt or cobalt based layer. 

1 38. A method as claimed in claim 36 wherein said cobalt based layer is formed of 

2 cobalt iron (CoFe). 

1 39. A method as claimed in claim 38 wherein said annealing is at a temperature from 

2 150°Cto270°C. 



1 40. A method of making a magnfetic read head, which includes a spin valve sensor, 

2 comprising the steps of: \ 

3 forming the spin valve sensor as follows 

4 forming a ferromagnetic pinned laver structure that has a magnetic moment; 

5 TNjV^ forming a pinning layer exchange cdupled to the pinned layer structure for pinning 

6 pJi?} the magnetic moment of the pinned layer structure; 

7 i forming a nonmagnetic conductive spacer layer between the free layer structure and 

8 /° *\ V the V irme d la y er structur e; and \ 

9 ^) v forming the pinning layer structure of aWckel oxide (NiO) layer and an alpha iron 

10 // oxide (ocFeO) layer wherein at least one of the niWel oxide (NiO) layer and the alpha iron 

11 V / oxide (aFeO) layer has been obliquely ion beam sputtered at angles a and p wherein angles 

12 \ a and p form first and second planes respectively which are orthogonal with respect to one 

13 another. \ 
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1 41. A method of making a magnetic read head, which includes a spin valve sensor, 

2 comprising: \ 

3 a making of the spin valve sensorVncluding the steps of: 

4 forming a free layer structure that has a magnetic moment and an easy axis; 

5 forming a ferromagnetic pinked layer structure that has a magnetic moment; 

6 L forming a pinning layer excharige coupled to the pinned layer structure for pinning 

7 V the magnetic moment of the pinned laW structure; 

8 ( forming a nonmagnetic conductive spacer layer between the free layer structure and 

9 T J the pinned layer structure; \ 

10 ' ^r^^ a making the free la y er structure including the steps of: 

1 1 '^zs obliquely ion beam sputtering first and second cobalt or cobalt based layers 

11 Cfy?~fJ a niCkel ir ° n baSCd layCr in th \ presence of a ma S netic field oriented in a 

13 direction of said easy axis with the fikt and second cobalt or cobalt based layers 

14 interfacing the spacer layer and a cap lVyer respectively and the nickel iron based 

1 5 layer being located between and interfacing the first and second cobalt or cobalt 

16 based layers; \ 

17 the oblique ion beam sputtering beihg at angles a = 40 o andp = 10°-30° 

18 wherein angles a and p form first and second planes respectively which are 

19 orthogonal with respect to one another; and \ 

20 after said oblique ion beam sputtering A the presence of said field oriented 

21 in said direction on the easy axis, annealing each of the cobalt or cobalt based 

22 layers and the nickel iron based layer. \ 



1 42. A method as claimed in claim 41 including: 

2 forming nonmagnetic nonconductive first and second read gap layers; 

3 forming the spin valve sensor between the first and second read gap layers; 

4 forming ferromagnetic first and second shield layers; and 

5 forming the first and second read gap layers between the first and second shield layers. 

1 44. A method as claimed in claim 42 wherein a forming of the pinned layer structure 

2 comprises the steps of: 

3 forming ferromagnetic first and second antiparallel (AP) pinned layers with the first AP 

4 layer interfacing the pinning layer; and 

5 forming an antiparallel (AP) coupling layer between the first and second AP layers. 
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1 46. A method as claimed in claim 44 wherein the step of oblique ion beam sputtering 

2 includes the steps of: \ 

3 providing a sputtering chamber; \ 

ty-ys \ Ss ^ providing a nonmagnetic conductiveytarget in the sputtering chamber that has a nominal 
5 \ ^ pimax surface; \ 

positioning a substrate in the chamber that has a nominal planar surface at angles a and P 
to the nominal planar surface of the target; \ 

8 providing an ion beam gun in the chambet for bombarding the target with ions which 

9 causes ions of the material to be sputtered from the target and deposited on the substrate to form 

10 said cobalt or cobalt based layers; and \ 

1 1 angle[s] a = 40° and angle p = 10° - 30° wherein angles a and p form first and second 

12 planes respectively which are orthogonal with respect to one another and are angles between the 

13 nominal surface planes of the target and the substrate. \ 



1 48. A method of making magnetic head assembly that includes a write head and a read 

2 head, comprising the steps of: \ 

3 a making of the write head including\ 

4 forming ferromagnetic first and second pole piece layers in pole tip, yoke and back 

5 gap regions wherein the yoke region is located between the pole tip and back gap regions; 

6 forming a nonmagnetic nonconductive write gap layer between the first and second 

7 l^Of^jip pole piece layers in the pole tip region; \ 

forming an insulation stack with at least one coil layer embedded therein between 

9 \f\ the first and second pole piece layers in the yoke region; and 

^ V\l r V connecting the first and pole piece layers at said back gap region; and 

1 1 | making the read head as follows: \ 

12 \ / forming a spin valve sensor and first and second nonmagnetic first and second read 

13 'gap layers with the spin valve sensor located betwefen the first and second read gap layers; 

14 forming a ferromagnetic first shield layer; and 

1 5 forming the first and second read gap layers between the first shield layer and the 

16 first pole piece layer; and \ 

1 7 a making of the spin valve sensor comprising the stepsW: 

1 8 forming a free layer structure that has a magnetic moment and an easy axis; 
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forming a ferromagnetic pinned layer structure that has a magnetic moment; 
forming a pinning layer exchange coupled to the pinned layer structure for pinning 
the magnetic moment of the pinned layer structure; 

forming a nonmagnetic conductive spacer layer between the free layer structure and 
the pinned layer structure; 

a making of the free layer structure including the step of: 

obliquely ion beam sputtering first and second cobalt or cobalt based layers 
and a nickel iron based layer in the presence of a magnetic field oriented in a 
direction of said easy axis with the first and second cobalt or cobalt based layers 
interfacing the spacer layer structure and a gap layer respectively and the nickel 
iron based layer being located between and interfacing the first and second cobalt 
or cobalt based layers; 

the oblique ion beam sputtering Wng at angles a = 40° and p = 10°- 30° 
wherein angles a and p form first ana second planes respectively which are 
orthogonal with respect to one another; and 

after said oblique ion beam sputtering in the presence of said field oriented 
in said direction of the easy axis, annealing each of the cobalt or cobalt based 
layers and the nickel iron based layer. 



1 49. A method as described in claim 48 including: 

2 forming a ferromagnetic second shield layer; 

3 forming a nonmagnetic isolation layer between the second shield layer and the first pole 

4 piece layer. * 



51. A method as claimed in clain^ 48 wherein a forming of the pinned layer structure 
comprises the steps of: 

forming ferromagnetic first and seconty antiparallel (AP) pinned layers with the first AP 
4 V\ pinned layer interfacing the pinning layer; and 
Q\rs V ^ forming an antiparallel (AP) coupling layer tycated between the first and second AP layers. 

ft 
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1 53. A method as claimed in claim 5 1 wherein the step of oblique ion beam sputtering 

2 includes the steps of: 

3 providing a sputtering chamber; 

4 providing a nonmagnetic conductive target in the sputtering chamber that has a nominal 

5 planar surface; 

6 positioning a substrate in the chamber that has a nominal planar surface at an angle to the 

7 nominal planar surface of the target; 

8 providing an ion beam gun in the chamber for bombarding the target with ions which 

9 causes ions of the material to be sputtered from the target and deposited on the substrate to form 
10 said cobalt or cobalt based layers. 



K^jsjy 55. A method of making a magneticUayer and/or an antiferromagnetic (AFM) layer for 

2 , an electrical device comprising the steps of: \ 

Sm9^, 7 obliquely ion beam sputtering at least one material layer from a target onto a substrate to 

4 1/ farm said magnetic layer and/or antifeiromagnetia (AFM) layer; 

5 / the oblique ion beam sputtering being at ahgles a and P wherein each angle a and P is 

6 acute and wherein the angles a and P form firsthand second planes respectively which are 

7 orthogonal with respect to each other. \ ^ ' 



1 56. A method as claimed in claim 55 wherein the angle P is 10° to 30° . 

1 57. A method as claimed in claim 55 wherein the angle P is 20° and the angle a is 40° . 

1 58. A method as claimed in claim 55 wherein the angle p is 30° and the angle a is 40°. 

1 59. A method as claimed in claim 55 wherein said at least one material layer is a nickel 

2 iron film and first and second cobalt based films with the nickel iron film being located between 

3 the first and second cobalt based films for forming said magnetic layer. 

1 60. A method as claimed in claim 59 wherein a second material layer comprising a 

2 nickel oxide film and an a phase iron oxide film that interface one another are obliquely ion beam 

3 sputtered at said angles a and P for forming said antiferromagnetic layer. 
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61. A method as claimed in claim 60 wherein for each of said magnetic and AFM layers 
the angle pis 10° to 30°. 



62. A method as claimed in claim 61 wherein for said magnetic layer the angle p is 20° 
and the angle a is 40°. 

63. A method as claimed in claim 55 wherein the electrical device is a magnetic head 
assembly and further comprises: 

said at least one material layer being a ferromagnetic free layer; 
forming a ferromagnetic pinned layer; 

forming a nonmagnetic spacer layer between the free and pinned layers; and 
the pinned and spacer layers being ion beam sputtered at an angle a which is acute and at 
an angle p which is zero. 

64. A method as claimed in cl^iim 55 wherein the electrical device is a magnetic head 
assembly and further comprises: 

said at least one material layer bein^a ferromagnetic free layer; 
forming a ferromagnetic pinned laye 

forming a nonmagnetic spacer layer between the free and pinned layers; and 
^ / the pinned and spacer layers being ion b^am sputtered at an angle a which is acute and at 
n an gle p which is 10° to 30°. 

65. A method as claimed in claim 64 wherein the free layer has a magnetic moment 
with an easy axis and the oblique sputtering of the free layer is done in the presence of a magnetic 
field oriented parallel to said easy axis. 

66. A method as claimed in claim 65 wherein after oblique sputtering the free layer the 
free layer is annealed at a temperature from 150°C to 270°C in the presence of said field oriented 
parallel to said easy axis. 

67. A method as claimed in claim 66 wherein for the free layer the angle P is 20° and 
the angle a is 40°. 



68. A method as claimed in claim 67 wherein for the pinned and spacer layers angle 
a is 40° and angle p is 0°. 
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69. A method as claimed in claim 68 further including the steps of: 
j forming said antiferromagnetic (AFM) llayer interfacing the pinned layer wherein the AFM 
la^er includes a nickel oxide film and an a phase iron oxide film that interface one another; and 
ion beam sputtering the nickel oxide filmy and the a phase iron oxide film at angles a and 
P wherein each angle a and p are acute and wherein the angles a and p form first and second 
planes respectively which are orthogonal with respect to one another. 



1 70. A method as claimed in claim 69 wherein for the AFM layer the angle a is 40° and 

2 angle pis 10° -30°. 



71. A method as claimed in claim 32 wherein the forming of the spacer layer includes 
oblique ion beam sputtering copper at angle^a = 40 o andp = 10°-30° with angles a and p being 
orthogonal. 




\^yr 72. A method as claimed in claim 41>wherein the forming of the spacer layer includes 
obHfque ion beam sputtering copper at angles a = 4u\ and p = 10° - 30° with angles a and p being 
orthogonal. 



1 73. A method as claimed in claim 48 wherein the forming of the spacer layer includes 

2 oblique ion beam sputtering copper at angles a = 40° and p = 10° - 30° with angles a and p being 

3 orthogonal. 



1 
2 




74. A method of ion beam spukering at least one layer comprising the steps of: 
providing a substrate with a first planar surface; 

providing at least one target with a second planar surface wherein the target is composed 
of a desired material for said layer; 

positioning the planar surfaces at angles cc Vnd P with respect to one another wherein angle 
a forms a first plane intersecting the first and second planar surfaces and angle P forms a second 
lane intersecting the first and second planar surfaces as well as the first plane with the 
intersection of the first and second planes being orthogonal with respect to each other; and 

ion beam sputtering the target so that said material is sputtered from the target onto said 
substrate to form said layer. 
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1 75. A method as claimed in claim 74 wherein a central ion beam lies within said first 

2 plane. 

1 76. A method as claimed in claim 75 wherein the angle p is 10° to 30°. 

1 77. A method as claimed in claim 75 wherein the angle p is 20° and the angle a is 40° . 

1 78. A method as claimed in claim 75 wherein the angle p is 30° and the angle a is 40° 

1 79. A method as claimed in claim 75 wherein said at least one layer is a nickel iron film 

2 and first and second cobalt based films with the nickel iron film being located between the first 

3 and second cobalt based films for forming said layer. 

1 80. A method as claimed in claim 79 wherein a second layer comprising a nickel oxide 

2 film and an a phase iron oxide film that interface one another are obliquely ion beam sputtered at 

3 said angles a and p for forming another layer. 

1 81. A method as claimed in claim 80 wherein for each of said layer and said other layer 

2 the angle pis 10° to 30°. 

1 82. A method as claimed in claim 8 1 wherein for said layer the angle p is 20° and the 

2 angle a is 40°. 

1 83. A method as claimed in claim 75 wherein said method forms a magnetic head 

2 assembly further comprising: 

3 said at least one layer being a ferromagnetic free layer; 

4 forming a ferromagnetic pinned layer; 

5 forming a nonmagnetic spacer layer between the free and pinned layers; and 

6 the pinned and spacer layers being ion beam sputtered at an angle a which is acute and at 

7 an angle p which is zero. 



1 84. A method as claimed in claim 83 wherein for the free layer the angle P is 10° to 

2 30°. 
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85. A method as claimed in claim 84 wherein the free layer has a magnetic moment 
with an easy axis and the oblique sputtering of the free layer is done in the presence of a magnetic 
field oriented parallel to said easy axis. 



86. A method as claimed in claim 85 wherein after oblique sputtering the free layer the 
free layer is annealed at a temperature from 1 50°C to 270°C in the presence of said field oriented 
parallel to said easy axis. 

87. A method as claimed in claim 86 wherein for the free layer the angle p is 20° and 
the angle a is 40°. 



88. A method as claimed in claim 87 wherein for the pinned and spacer layers angle 
a is 40° and angle P is 0°. 




89. A method as claimecnin claim 88 further comprising: 

forming an antiferromagnetic (jAFM) layer interfacing the pinned layer wherein the AFM 
l^er includes a nickel oxide film and an a phase iron oxide film that interface one another; and 
ion beam sputtering the nickel o^ide film and the a phase iron oxide film at angles a and 
p wherein each angle a and p are acute and wherein the angles a and p form first and second 
planes respectively which are orthogonal wi$h respect to one another. 



90. A method as claimed in claim 89 wherein for the AFM layer the angle a is 40° and 
angle pis 10° -30°. 

REMARKS 

Claims 32, 34, 36-42, 44, 46, 48, 49, 51, 53 and 55-90 remain in the application. 

The Examiner objected to the specification on the basis that the angle a being 40° and the 
angle p being in the range of 10° -30° is not described in combination with the angles a and p being 
orthogonal with respect to each other. Lines 2-5 of page 14 of the specification have been amended 
to clarify the description which lines now state: 
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